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Amr. IL—The Diurnal and Annual Fluctuations of 


Temperature in the Interior of a large Tree. 


Py A OTBARRE MIK 
(Read 12th April, 1928 ; issued separately 27th September, 1928.) 


In the autumn of 1926 it became necessary for me to find out 
the temperature of the earth in basements of stone, concrete,. 
asphaltum, wood, and the like. 

It occurred to me as to whether the trunk of a living tree has a 
temperature different from that of the surrounding air. Is the 
temperature of the heart wood different from that of the half- 
formed surface timber where growth and respiration are active? 
Does the translocation of food-materials produce heat? Is this 
heat (if any is found) nentralised by the ascending soil water? 

The changes in the internal temperature of an inanimate object 
always lag behind those of the air outside, but if one continues 
recording the daily rise and fall long enough—for twelve months 
—the temperature of a column of iron or stone will average that 
of its surrounding air. 

The choice of a tree fell on a specimen of Pinus canariensis in 
my garden at " Lalbert," Armadale, Victoria, which grew on a 
lawn amidst other trees, but whose trunk was surrounded by a 
dense hedge of Coprosma 6 ft. high and 3 ft. thick, which left 
inside a space 3 ft. wide where one could walk. The shade of the 
other trees, the branches above, and this hedge. constituted an 
effective screen between the sun and the trunk; therefore the 
sun's rays could not shine directly on to the trunk at any time, 
and only air of shade temperature could ever reach the trunk, 
conditions which one usually finds in a forest or wood. The girth 
of the trunk was 12 feet 6 inches at three feet from the ground 
on 10/7/26, and a year later had increased by an inch. The old 
dead corrugated bark is about three inches thick, The spread of 
the branches above is about 70 feet, and its height is 50 feet. 

On 10th July, 1926, I took an auger 5/8 in. diameter and 2 ft. 
long, and having cut a circular cavity in the dead bark 3 in. 
diameter just down to the living wood, bored a hole 23 in. long to: 
the centre of the trunk, parallel to the earth, from north to south, 
at a height of 3 ft. from the soil; also another similar hole at a 
tangent to the circumference of the living sap wood, so that the: 
thermometer would be totally enclosed, and so that its bulb would 
be some 4 in. inside from the surface of the dead corky bark, and 
about 1 in. into the living outside ring. This hole ended 3 in. 
from the beginning of the core hole, and was at the same level, 
and was bored from the S.E. to the N.W. 
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Now when one bores a hole into a living tree, heat is engen- 
dered by the act; also the cells of wood around the hole begin to 
flow with sap, consequently the temperature of the first few days 
recorded by a thermometer is not normal, until the effects of the 
friction and injury have faded away. 

The holes being prepared. thermometers (fitted with rubber 
corks) which recorded exactly similar temperatures as did my 
maximum and minimum thermometer at 33°F., at 60° and at 72°, 
were inserted—one in each hole. The thermometer for the core 
hole was wired to a skewer of hard wood, whose outer end pro- 
truded 1 in. from the rubber cork, in order to facilitate removal 
for observation; both corks exactly fitted the holes, and by cutting 
a niche in the corks one could always pull them out so that the 
column of mereury was nppermost, and put them back the same 
way. This enables one to see the position of the eolumn instantly 
on withdrawal, and to read ihe temperature accurately, even if 
the columu moves. The whole operation of withdrawal. reading 
and replacement takes only four to five seconds, after one becomes 
accustomed to it. "The maximum and minimum thermometer was 
hung 1 in. away from the bark at the spot where the bulb of the 
bark thermometer was, and over the hole of the core thermometer. 
It is useless to take the temperature of a tree trunk in one part 
of a forest unless one records the temperature of the air at the 
same spot. 

The temperatures were taken at sundown, but in the warm 
weather the minimum was read in the morning, and the maximum 
in the evening of the same day. In the winter the temperatures 
in my garden were very similar to those issued daily in the 
Argus, but in the summer the temperatures in the garden were 
much lower than those of the bureau. Having proceeded thus 
for about one month, and shown the idea to Professor Ewart, he 
encouraged me to continue for at least twelve months. With few 
exceptions, due to absence, the recording of temperatures pro- 
ceeded daily for twelve months, and to facilitate the summarising 
of the results they are presented in graph form. From perusal of 
the results it will be seen that :— 


(a) The mean annual temperature of the heart wood was 
]?F. lower than that of the air. 

(b) The mean annual temperature of the alburnum was 
1-1?F. higher than that of the air. 

(c) The mean annual temperature of the duramen and 
alburnum combined was the same as the mean tempera- 
ture of the air. 

Further observations showed that although the trunk was 
shaded, the average temperature of the alburnum on the north side 
was one degree higher than that on the south side, and hence the 
average temperature of the centre of the tree was not more than 
half a degree lower than the mean of the two sides. This differ- 
ence | suggest js due to the fact that the average temperature of 
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the air on the south side of this tree was 1? lower than that on the 
north side, The flow of heated air in Australia is from the north 
and the flow of cold air is fypm the south, though it has also been 
suggested that the ascending water stream cuts off a small fraction 
of the external heat of the air from the duramen, which otherwise 
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hehaves in regard to external temperature variations as an inert 
mass having no apprecíable production of heat of its own. 
During the whole period of observation there did not occur at 
any time any positive indication of any alteration in temperature 
due to pollination, or the sudden bursting into growth of the 
needle buds or the growth of branches, nor did sudden drenching 
with rain produce the fall of temperature one would expect. On 
March 18th, 1927, the bark on the trunk became soaked with rain, 
and the temperatures rose 0-5?, This happened again on April 
12th, 1927, [ suggest this is due to the rushing of the water by 
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capillarity into the vesicular tissue of dry, dead bark, developing 
heat by iriction and chemical action. The rain was colder than 
the bark. 

As a rule the difference between the maximum and minimum 
temperatures did not result in much variation in the heat of the 
alburnum at the time of occurrence in this tree. In June, 1927, 
owing to a succession of frosts followed by warm aiternoons, | 
iook the opportunity of recording the temperature of the albur- 
num frequently, and from this it will be seen that there was only a 
difference of 0-5? F. between the temperature at about 6-8 a.u., 
when the gronnd was white with frost, and the temperature about 
4-6 p.m., when by contrast the air was warm and the afternoon 
delightfully sunny. 1 suggest this is due in this tree to the fact 
that the alburnum is insulated from the air on the outside by a 
thick layer of dead bark, which is a bad conductor of heat. The 
slowness of the change in temperature in the core of this tree 
trunk is illustrated by noting the fact that by the 12th June, 1927, 
the average daily mean temperature of the air had fallen 7 
degrees owing to frost, whereas two feet inside the tree it 
required four days to reduce the temperature by 2?F. 

At the same time | became possessed of the idea that the 
temperature of this tree was more subject to change from atmos- 
pheric causes in the first half of this year than it was in the last 
half of last year. J suggest it is due to the fact that the tree is 
drained of water due to its spring growth, and that consequently 
its specific heat is lower than in the spring. 

L have noticed that dead, dry timber seasoned, fluctuates more 
than timber of the same dimensions does in a living tree, and con- 
sider this is due to its low specific heat, owing to the absence of 
© tree” water! A 

On one occasion the temperature of the core fell faster than 
that of the alburnum. This was on and about the 21st to the 
20th May. 1927, when the temperature of the core was reduced 
by the falling temperature of the air, would have bcen the tem- 
perature of the alburnum, but for the fact that again rain 
drenched the bark, and either its condensation in the dead bark 
or the fact that it was warmer than the air. caused a rise in tem- 
perature, which warmed the alburnum. As soon as the rain 
stopped the bark dried and the temperature of the outside of the 
tree suffered a quick fall, and on the 26th became lower than the 
core. 

While taking these temperatures daily, I began to take the tem- 
perature of many other varieties of trees and their parts, and 
noticed many curious happenings which may be of interest. This 
has resulted in the conviction in my mind— 

(1) That all dicotyledonous trees average (over long periods) 
almost the saine temperature as the air of the forest or 


1 lt has been suggested by Professor Ewart, however, that it is due to the effeet of the 
transpiration current, 
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(2) 


(3) 


(4) 
(5) 


(6) 


(7) 


(8) 
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locality where they live, although small trees have a 
greater daily variation of temperature than large trees, 
as they have more bark surface per unit of mass than 
the latter. 

That trees with smooth bark have a greater daily varia- 
tion in temperature than those with thick, corky, or 
stringy bark. 

That the parts of trees upon which the sun shines have 
a greater variation than those in permanent shade, and 
that the thinner branches have a greater daily variation 
than the trunk. 

That the twigs froin which the leaves grow vary in teni- 
perature hourly. 

That the temperature of the smooth barked part of a 
branch on eucalypts varies more than that of the 
part which—although the same thickness—is nearer tlic 
trunk, and which is covered with stringy or hairy or cor- 
rugated bark. 

That the average temperature of any part of the trunk of 
a large tree shows no evidence of any material average 
difference in temperature from that of the atmosphere. 
There is always the “lag,” but the temperature average 
is practically the same over loug periods, 

That all leaves in my garden, whether of Australian or 
other origin, which admit of the bulb of a thermometer 
being wrapped up in them, are of the same temperature 
as that of the air with which they are surrounded. 

That the ascending water current can only influence the 
temperature of the trunk in the alburnum or water-con- 
ducting wood. 


In conclusion I wish to thank Dr. Ewart for his assistance and 


for codifying my results; also Messrs. Lang and Mitchell, consult- 
ing engineers, for the preparation of the graph. 
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Temperature of Core and living sap cells of Pinus Canariensis. 


Norg—All tree temperatures were taken at sundown. 


IR E 
TREE TEMPERATURES Ash 


TEMPERATURES 
1926 Core Bark Maz. Min. Remarks. 
July 10 - 54°F - 54% - 58° - 43? - Auger heat 
11 - 58 - 54 - 6 - 50 E 
12 - 58 - 54 - 61 - 49 - 
18 - 38 - 54 - 58 - 44 - 
14 - 53 - 54 - 358 - 48 - 
15 - 54 - 54 - 58 - 45 - 
16 - 58 - 54 - 34 - 42 - 
17 - 53 - 54 - 55 - 45 - 
18 - 38 - 54 - 56 - 48 - 
19 - 38 - dl - 55 - 40 - 
20 - 53 - 34 - 59 - 48 - 
22 - 53 - 54.5 - 69 - 56 - 
28 - 53 - 904.5 - 57 - 47 - 
24 - 58 - 54 - 53 - 44 - Rain 
25 - 53 - 54 - 58 - 48 - Rain 
26 - 58 - 5 - 56 - 47 - 
27 - 58 - 54 - 59 - 48 - 
28 - 58 - 54 - 58 - 50 - 
29 - 58 - 54 - 59 - 49 - 
80 - 53 - of - 51 - 48 - 
S 33 - 545 - 00 - 50 - 
Av. 21 days 53 - 54.1 - 57.5 - 46.6 - Mean air temp* 
52° 
August iL 53 - 54 - 35 - 45 - 
2 - 58 - 54 - 59 - 42 - 
3 - 33 - 54 - 58 - 46 - 
4 - 53 = 54 - 55 - 40 - Rain 
5 53 - 54 - 56 - 42 - 
6 - 53 - 54 - 55 - 44 - 
7 - O08 - 54 - 55 - 45 - 
8 - 58 - 54 - 56 - 44 - 
9 - 58 - 54° - 54 - 44 = 
10 - 53 - 54 - 65 = 53 - 
WW - 53 - 54 - 60 - 92 - 
12 - 58 - 54 - 58 - 52 - 
18 - 58 - 54 - 56 - 41 - 
14 - 58 - 54.5 - 99 - 41 - 
59 - 53 - 54.5 - 59 - 48 - 
16 - 53 - 54.5 - 57 - Al - 
Av. 16 days 53 - 54.1 - 57 - 45 - Mean=51° 
17 - 53 - 545 - 59 - 48  - Budsloosening 
18 - 58 - 54.5 - 06 - 44 - 
19 - 53 - 55 - 65 - 88 - 
20 - 58 - 55 - 53 - 42 - 
21 - 58 - 55 - 52 - 36 - Pollen cones 
forming 
22 - 53 - 55 - 91 - 82 - Frosty 
23 - 58 - 55 - 061 - 34 - 
24 - 58.5 - 55 - 62 - 42 - 
25 - 58.5 - 55 - 55 - 58 - 
26 - 535 - 55 - dt - 40 E 
27 - 58.6 - 05 - 53 - 41 - 
28 - 54 - 55.5 - 65 - 34 - 
29 - 54 - 56 - 64° - 49 - 
30 - 54 - 56 - 51 - 47 - 
81 - 54 - 56 - 58 - 42 - 
Av. 15 days 58.4 - 55.2 - 58.7 - 42.5 - Mean=50.6° 
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1927 Core Bark Maa. Min. Remarks, 

8 - 608. - 64 - 67 -. 58 - No moisture or 
DE - 63 - 65 - 82 - 48 - dew 
10 - 03 - 69 - 98 - 56 - No sap flow, 
je - 635. - 70 - 98 - 61 - heat now felt 
12 - 6385 - 69 - 91 - "8 - at once thro’ 
18 - - - - - the bark, no 
14 - 63.5 - 68 - 98 - 55 - evaporation 
15 - 64 - 66 - 68 - 57 - to resist heat 

Av. 14 days 63.5 - 66.4 - 82.1 - 56.9 - Mean=69,5° 
16 - 63.5 - 65.5 - 70 - 60 - 
17 - 64 - 66 -O78 - 56 - 
18 - 64 - 66.5 - 80 - 62 - 
19 - 035 - 04 - 75 - 57 ~ 
20 - - - - - 
21 - 635 - 66 - "i - 55 - 
22 - 64 - 67 - 80 a m - 
23 - 64 - 68 - 82 - 61 - 
24 - 64 - 65 - 47 - 54 - A little rain 
25. - 64 - 64 - 68 - 52 - 
26 - 635 - 63 - 65 - 55 - 
27 - 63.5 - 64 - "4 - 56 - 
28 - 64 - 64 - 82 - 55 - 

Av. 12 days 63.7 - 65.2 - 75.5 - 56.3 - Mean-65.9? 

March 1 - 64 - 68 - 97 - 59 - Very hot 

2 - 64 - 70 - 98 = m - 
3 - 63.5 - 69 - 88 - 80 - Sudden cold 
AGS GO - 67 - 49 - change at 
5 - 68.5 - 64 - 65 - 52 - noon 
6 - 635 - 62 - 58 - 51 - 
7 - 635 - 63 - "6 - 48 - 
8 - 635 - 63.5 - 75 - 50 - 
9 - 68.5 - 65 - U7 - 48 - 
10 - 68.5 - 66 - 84 - 50 - 
11 - 63.5 - 68 - 92 - 608 - 
12 - 68.5 - 66 - 84 - 58 - Lawns nearly 
13 - 63.5 - 65 - 80 - 51 - dead, 160 
14 - 635 - 64 - 69 - 58 - points since 
15 - 63 - 64 - 67 - 58 - January 1 
16 - 63 - 63 - 68 - 57 - 

Av. 16 days 63.5 - 65.4 - 77.2 - 56.4 - Mean=66,8° 
17 - 63 - 63.5 - 72 - 57 - 
18 - 63 - 64 - 62 - 56 - Rain at last 
19 - 63 - 63 - 63 - 54 - Trunk of tree 

soaking, yet 
temp. of outer 

20 - 63 - 62 - 63 - 52 - _ rings rose 0.5° 
21 - 62.5 - 61 - 65 - 56 - FB. 70 pts. rain 
22 - 62 - 60.5 - 56 - 51 - Drizzle 
23 - 62 - 60 - 57 - 54 - 
24 - 615 - 60 - 57 - 54 - 
25 - 615 - 60.5 - 69 - 57 - 
26 - 61 - 60.5 - 65 - 52 - 
27 - 605 - 60 - 60 - 54 - 
28 - 60 - 60 - "0 - 538 - 
29 - 60 - 61 - 77 - 41 - 
30 - 60 - 62 - 83 - 47 - 
31 - 60 GS - 55 - 

Av. 15 days 61.5 - 61.3 - 66.4 - 52.8 - Mean=59.6° 
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1927 Core Bark Maz. Min. Remarks, 

Ch = En - 58 - 64 ~ 46 - Rain, 25 points. 

23 - 57 - 58 - 60 - 48 - 

24 - 57 - 57.5 - 59 - 46 - Rain 

25 - 565 - 57.5 - 58 - 47 - Fal of temp. 
in core not al- 

26 - 56.5 - 56 - 56 - 44 - ways preced- 

27 - 56 - 56.5 - 55 - 46 - ed by fall of 

28 - 56 - 55 - 51 - 44 - temp. in bark 

29 - 55.5 - 54 - 56 - 41 - Rain 

30 - 55.5 - 53.5 - 56 - 34 - Fine, 26° on 


grass, frost 
81 - 55 - 53 - 58 - 34 - Fine, frost 


Av. 13 days 56.4 56.4 - 585 - 43.6 - Mean=51.0° 


[ 
Z 


June 1 - 54.5 - 53 - 57 - 33 - Fine, frost 
2 - B4 - B3 - 59 - 37 - R - 
Cu 53-759. 339 - C,, 
4 - 58.5 - 54 - 60 - 48 - Rain 
B= BBWS o Bis - 64 - 55 - 
6 - 535 - 54.5 - 58 - 45 - 
7 - 58.5 - 54 - 56 - 44 - 
8 - 53 - B4 - 57 - 47 - 
9 - 53 - 52.5 - 50 - 40 - 
10 - 53 o 4g e Bm - 43 - Drizzle & rain 
11 - 53 - 52 - 53 - 45 - 
12 - 53 - 51.5 - 56 - 33 - Frost, fine 
I = 52.5 - 52 - 55 - 32 - ^ M 
14 - 52 - Bl.5 - 58 - 33 - 
5 = als 9 55 - 6l - 35 - 
Av. 15 days 53.1 - 52.8 - 57 - 40.2 - Mean=48.6° 
16 - 515 - 5l - 53 - 33 - 
17 - Ol - 50.5 - 55 - 32 - 
18 - dl e d - 57 - 46 - 
19 = 51.5 - 51.5 - 63 - 50 - 
20 - 51.25- 52.5 - 60 - 48 - 
Bl o Bla = 5% - 52 - 44 - Record num- 
99 - 515 - 52.5 - 56 - 46 - ber of frosts. 
OR e BD a ae - 57 - 49 - 
24 - 515 - 53 - 57 - 46 = 
25 - 515 - 525 - 54 - 47 - 
26 - 515 - 515 - 54 - 42 - Fine 
dad  = ml = il s Sp - 37 - 2. 
28 - 51.5 - 485 - 47 - 81 - Fine, very cold 
fog at 8 a.m. 
29 - 51.6 - 49.5 - 55 - 32 - Fine, warmer 
30 - 515 - 505 - 57 - 32 - 
Av. 15 days 51.4 - 51.4 - 55.3 - 41 - Mean =48.1” 
July i = ll - 52 - 57 - 47 - It took 4 days. 
for the succes- 
2 bl - 52 - 56 - 45 - sive waves of 
3 - dl - B2 - 57 - 48 - cold to affect 
4 - Bl - B2 - 56 - 46 - the core 
5 - Bl - 52 - 57 - 49 - Rain all over 
6 - 51 - 53 - 59 - 50 - Vic. 50 to 100- 
7 = 5I - 53 - 54 - 44 - points 
8&8 - 51 - 52 - 53 - 4l - 
9 - 51 - §1.5 - 53 - 42 - 
10 - 51 - 51.5 - 58 - 44 - 
11 - 51 - 52 - 58 - 47 - 
Av. ll days 51 - 52 - 56.2 - 45.7 - Mean=50.9° 
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Summary of Average Temperatures. 


TREE AIR TREE 
Core Bark Max. Min. Mean 

July 10-31 - 53 - 541 - 57.5 - 40:0 - 53.5 - 
August 1-16 - 53 - 541 - 57 - 45 - 58.5 - 
17-31 - 53.4 - 55.2 - 58.7 - 42.5 - DAS - 

Sept. 1-15 - 54 - 57.8 - 61.2 - 44.7 - 55.6 - 
16-30 - 54.6 - 60.5 - 70.4 - 50.3 - 57.5 - 

October 1-15 - 56.8 - 58.1 - 65.8 - 49.5 - 57.4 - 
16-31 - 56.8 - 60.9 - 73.4 - 49.8 - 58.8 - 

Nov. 1-15 - 573 - 00.0 - 71.4 - 50.3 - 591 - 
16-30 - 59 - 61.7 - 70.8 - 51.8 - 60.3 - 

Dec. 1-15 - 60.8 - 64.5 - 73.8 - 58 - 62.6 - 
16-31 - 61 - 64 - 75.6 - 556 - 62.5 - 

Jan. 1-14 - 62.7 - 68 - 88 - 034 - 653 - 
15-31 - 64.3 - 67 - 75.4 - 54.2 - 65.6 - 

Feb. 1-35 - 63.5 - 664 - 82.1 - 50.9 - 64.9 - 
16-28 - 63.7 - 65.2 - 75.5 - 56.3 - 64.4 - 

Mar. 1-16 - 63.5 - 654 - 77.2 - 56.4 - 4.4 - 
17-31 - 61.5 - 613 - 66.4 - 52.8 - 614 - 

Apl. 1-15 - 60 - 60.8 - 67.3 - 50.7 - 00.4 - 
16-30 - 58.7 - 58.5 - 62.5 - 48.5 - 58.6 - 

May 1-16 - 57.4 - 58.6 - 64 - 47.7 - 58 - 
17-31 - 56.4 - 564 - 58.5 - 486 - 56.4 - 

June 1-15 - 531 - 52.8 - 57 - 40.2 - 52.9 - 
16-30 - 51.4 - 51.4 - 55.3 - 41 =- old = 

July 1-11 - 51 - 52 - 56.2 - 45.7 - 51.5 - 
Average 57.7 - 598 - 67.5 - 49.8 - 58.7 - 


—— ram 
58.7 58.6 58.7 


